ABSTRACT Monoclonal antibodies specific to HLA antigens and the fluorescence-activated cell sorter were used to analyze the changes in the density of human histocompatibility antigens HLA-AB and HLA-DR on the surface of synchronously growing WI-L2 cells (a human B cell line) progressing through the cell cycle. The WI-L2 cells were synchronized by densitydependent arrest in GI, and samples from Go, G1, late S and late G2 phases were used to determine the frequency distribution of cell volume, DNA content, and the relative amounts of cell surface HLA antigens; the observed density changes were calculated from these values. The HLA-AB density remained nearly constant throughout the cell cycle, whereas the HLA-DR density increased sharply at the G2-M stage. These results suggest a cell cycle-dependent differential control of the expression of these two sets of histocompatibility antigens on B cells.
The progression of cells through the cell cycle is associated with an orderly series of events, some of which control the expression of cell surface macromolecules. Characterization of these molecules should aid in our understanding of the regulatory mechanisms operating in normal and malignant cells because the cell periphery is one of the principal loci of cell growth control (1) . Moreover, the expression of major histocompatibility complex genes (2) in the cell cycle is of considerable interest because the products of these genes mediate cell-cell interactions and are involved in various immunological phenomena (3) (4) (5) related to cell proliferation, cell killing, and various regulatory activities.
The availability of monoclonal antibodies to HLA antigens and the development of flow cytofluorometric quantitation of the antibody bound to single cells have provided optimal technical conditions for the analysis of cell cycle-dependent HLA expression (6, 7) . In this study we have used these approaches to investigate the relationship between the cell cycle and the expression of HLA-A,B, and HLA-DR (8) antigens by WI-L2 cells [a diploid human B lymphoblastoid cell line (9, 10) ] synchronized by density-dependent arrest in G1 (11) . These antigens are membrane-bound glycoproteins consisting of two polypeptide chains and display serological polymorphism controlled by the major histocompatibility complex (2, 12, 13) genes. HLA-A,B,C antigens are expressed on all nucleated cells; HLA-DR antigens have a restricted tissue distribution and are primarily associated with cells involved in immune functions (12, 13) .
Results presented here indicate that there is a cell cycle phase-dependent expression of HLA-DR antigens, the mag- Cell Synchronization. WI-L2 cells were synchronized as described (11 [4] [5] hr at G2, and 1-11/2 hr at mitosis. Cells representing each of the above phases were collected at the following intervals for this study: Go (before the start of the cycle), mid-GC, late S, and late G2.
Frequency Distribution of Cell DNA Content. The cells were stained by the fluorescent Feulgen method for determination of relative cell DNA content with the fluorescenceactivated cell sorter (FACS) according to the methods described previously (18) . The proportions of cells in different growth phases were obtained by computer analysis of frequency distributions. The FACS instrument (designed and built at the University of California at San Diego, La Jolla) and the computer program used in these experiments were similar to the ones originally reported by the group at Los Alamos and Lawrence Livermore Laboratories (7, 19 Go, 16 + 7; GI, 29 ± 8; S,47 ± 16; andG2, 53 + 18. thetic capacities are at their minima (11) . Upon dilution in prewarmed growth medium, the cells immediately enter the G1 phase in a synchronized manner, and the synchrony is well maintained for at least one cell cycle as shown by the increase in cell volume and cell DNA content. The mean cell volume (Fig. 1) (Fig. 2) . Although at late S there were a few cells still remaining at G1 and a few had already progressed into G2, the contribution of these cells outlying the principal synchronized population is rather small because the CV remained nearly the same during the entire generation time. The sampling at late G2 showed that about equal numbers (40%) of cells were at G1 and G2 and 15% were at S phase; synchrony was lost to a certain degree in the 20 In contrast, the cell surface HLA-DR antigens increase almost linearly with cell volume (Fig. 3 Right Inset)-the surface HLA-DR content doubles with the cell volume. The frequency distribution of cell fluorescence for HLA-DR antigen at late G2 is not a normal distribution and the heterogeneity has probably resulted from the varied HLA-DR content of cells lying outside the principal synchronous population (Figs. 1 and 2) . Thus, the mean HLA-DR content at late G2 as shown in Fig. 3 Right Inset would be higher if all cells in the culture were at this phase.
The mean antigen density at each cell cycle phase as calculated from the mean fluorescence values (Fig. 3) and the cell surface area at a given phase. In order to compare the main features of HLA-A,B and HLA-DR antigen expression, the mean antigen densities thus obtained were normalized to the values at Go (set equal to 1) and were plotted against the progressive increase in cell surface area (Fig. 4) (Fig. 4) by calculating the mean cell surface area from the Coulter volume (Fig. 1 ) and the mean cell fluorescence due to the monoclonal antibody binding in the same cell cycle stage (Fig. 3) . Comparison of the relative quantitative changes in the density of HLA-A,B and HLA-DR antigens clearly shows a significant difference in the regulating aspect of antigen expression prior to cell division (Fig. 4) .
Until late S, both antigens seem to be expressed at similar rates such that the surface densities of the two antigens remain nearly the same relative to their densities at the start of the cycle (Fig. 3 Inset) . In G2, HLA-DR antigen density increases at an accelerated rate, whereas HLA-A,B antigen density remains unchanged. The HLA-DR antigen density increase is approximately 50% over the resting state, and probably slightly higher, because the value represents only an estimated 40% of cells at late G2 whereas the rest of the cells (44%) have traversed into G1 of the next cycle at the time the sample is taken (Fig.  2) . The exact timing of the HLA-DR antigen expression at the cell cycle terminal point is not certain because the culture becames less synchronous at this stage.
The constancy of the HLA-A,B antigen density in growing lymphoid cells is contrasted by the relative increase of this antigen and f2-I when cell growth is inhibited by interferon (25) (26) (27) . We have treated WI-L2 synchronous cultures at GI with human fibroblast interferon (1500 international units per ml; gift from L. Kronenberg) and detected a lengthening of the S + G2 phase and a concomitant increase in HLA-A,B antigen density; however, the HLA-DR antigen expression remained at the observed G1 level and there was no characteristic antigen density increase at G2 compared to the control cultures (unpublished data). Growth, or lack of growth, produces opposite effects in the HLA-A,B and HLA-DR antigen expression; the HLA-DR expression is positively correlated with cell growth whereas inhibition of cell division has a positive feedback effect on the HLA-A,B antigen expression. It appears that the expression of the structural genes for f2-w, HLA-A,B, and the a and : subunits of HLA-DR operates under a common framework of regulation of the cell cycle. It is known that the immunoglobulin molecules are synthesized and secreted by WI-L2 almost exclusively during the late G1 and S phases (28) . Hence, we suspect that the rapid appearance of HLA-DR antigens in G2 is probably made possible by the prior accumulation, during G1 to S phase, of nascent molecules which could be translocated to the surface at the G2 stage.
WI-L2 cells treated with inhibitors of protein synthesis at late S expressed as much HLA-DR antigen as did the control cells nearing mitosis 4-5 hr later, whereas inhibitors added at any earlier time reduced HLA-DR expression on the cell surface within 2-hr (data not shown). Therefore, the decision for an accelerated HLA-DR expression at G2 was probably made several hours prior to the nascent HLA-DR molecular translocation to the cell surface. The exact mechanism of the molecular nature of this decision is not clear at this time.
